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Description 

BACKGROUND OF THE INVENTION 

[000 1] Tvno uivcmioa penains to*dJt i^rfrc/ofr^nt in tr:-: 7eaiif1eni or2p.1toirr.mune diseases.-More spstf'catiy, the 
invention is directed to the use ot autoantigens and biologically active fragments or anjslogs of such autoantigens in aer- 
osol form for the prevention and therapeutic treatment of autoimmune diseases. The invention also includes aerosol for- 
mulations of autoantigens useful in the treatment of autoimmune diseases in mammals. 
[0002] Autoimmune diseases are characterized by an abnomial immune response involving either cells or antibodies, 
that are in either case directed against normal autologous tissues. 

[0003] Autoimmune diseases in mammals can generally be classified in one of two different categories: celi-mediated 
disease (i.e. T-cell) or antibody-mediated disorders. Non-limiting examples of cell-mediated autoimmune diseases 
include multiple sclerosis, rtieumatoid arthritis, autoimmune thyroiditis, diabetes mellitus (Juvenile onset diabetes) and 
autoimmune uveoretinitis. Antibody-mediated autoimmune disorders include myasthenia gravis and systemic lupus 
erythematosus (or SLE). 

[0004] The current treatments for both categories of autoimmune diseases involve administration of drugs which non- 
spedfically suppress the immune response, Exanples of such drugs are methotrexate, cyclophosphamide. Imuran 
(azatNoprine) and cyclosporin A. Steroid compounds such as prednisone and methylprednisilone are also employed in 
many instances. These drugs have limited efficacy against both cell- and antibody-mediated autoimmune diseases. 
Use of such drugs is limited by virtue of their toxic side effects and also because they induce "global' imfTXjnosuppf es- 
sion in a patient receiving prolonged treatment with the drug. e.g. the normal protective immune response to pathogenic 
microorganisms is downreguiated thereby inaeasing the risk of infections caused by these pathogens. A further draw- 
back is that there is an increased risk that malignancies will develop in patients receiving prolonged global immunosup- 
pression. 

[0005] Other therapies have been proposed for the treatment of autoimmune diseases. U.& Patent Application Serial 
No. 65.734 filed June 24. 1987 (now abandoned) and copending International Patent Application PCT/US8a/02139 
filed June 24, 1 988, disclose that the oral or enteral administration of relatively high levels of myelin basic protein (MBP) 
and disease-indudng and non-indudng fragments and analogs thereof is effective in suppressing acute nrwnophasic 
experimental allergic encephalontyelitis (EAE), an induced T<ell-mediated autoimmune disease directed against mye- 
lin basic protein, EAE is a recognized and widely used animal model for multiple sclerosis (MS). The above-identified 
applications also disclose that the oral or enteral administration of Mycobacterium tuberculosis is an effective treatment 
for suppressing adjuvant arthritis and extrapolate the aforementioned results to the treatment of other autoimmune ds- 
eases. 

[0006] Copending LI.S. Patent Application Serial No. 379,778 filed July 14. 1989 discloses the oral or enteral admin- 
istration of S-antigen for the treatment of autoimmune uveoretinitis. 

[0007] Various methods have been employed to induce antigen-specific suppression of EAE such as immunization 
with MBP emulsified in incomplete Freund's adjuvant (Lando. Z. et a!., J R ImnnunoL. 12£: 1526. 1981). or an intrave- 
nous injection of MBP coijpled to lynphoid cells (Sriram, el al.. Cell Immunol. 75 : 378. 1983). 
[0008] TrauQott et aL, J. Neurol. Sci. 56: 65-73, 1982 and Raineetal.. Lab. iQvSlifla!^ 
treatment of a strain of guinea pigs suffering from chronic relapsing EAE by parenteral administration o( MBP alon or, 
in incomplete Freund's adjuvant (IFA) r. in combination with galactocerebroskJe, a lipid hapten of myelin, suppressed 
the clinical symptoms of EAE. 

[0009] Based on an English language abstract Belik et al„ Khin 21: 372-377, 1978, disclose the 

parenteral administration f "alkaline myelin protein fragment (AMPF)' and 'synthetic encephalitogenic peptide (SEP)' 
to guinea pigs with EAE, The animals had been sensitized by bovine AMPF or synthetic SEP but recovered after admin- 
istration of AMPF. 

(001 0] Braley-Mullen et al.. Cfill Immun. 51: 408. 1980. disclose the suppression of the symptoms of experimental 

airff^immiirtA HiurnWriH^ t^^ nine hti iru^r^f%f\ nl Hii/r/vtlnhi ilin anfinan rn IPA 



EP0506 785B1 



trophil elastase) was administered to sheep in an aerosol form. Aerosolized AAt remained fully functional and intact in 
the tissues of the mammal to which the material was administered and diffused across the alveolar epithelium, as evi- 
denced by the presence of AAt in the lung, lymph and Wood tissue. 

[0014] Holt, P.G. et al.. Immunol. 42; 40941 7. 1981 disclose the inhibition of specific IgE responses in mice by pre- 
5 exposure to inhaled antigens. The exposure of mice to aerosolized ovalbumin once weeWy for seven weeks caused the 
suppression of IgE responses when these animals were challenged intraperitoneally with soluble or aium-predpitaled 
ovalbumin. 

[0015] Sedgwick. J.D. etal..l!nnun2L§5: 635-642. 1985 reported on the down-regulation of the specific IgE response 
to an inhaled antigea Repeated exposure of rats to an aerosol of ovalbumin induced carrier-specific tolerance to sub- 

to sequent challenge with the same antigen. 

(00161 Holt. E.G. etaI..JiimjD£lfiQ: 97-102. 1987 disclose that repeated inhalation of low levels of ovalbumin by mice 
or rats preferentially induced tolerance to the IgE antibody dass and postulated that this process represented an impor- 
tant protective mechanism that normally prevents allergic sensitization of a mammal to air-borne antigens. 
I0O17] SedgwicK J.D. et al.. Cell i mgiunoi. 94: 182-194. 1985 disclose that the repeated exposure of high-lgE- 

15 responder rats to an aerosol of an antigen orwe weekly triggered progressively inaeasing levels of antigen-specific IgG 
in the serum. Adoptive transfer of splenocytes from aerosol-exposed animals to naive rats caused a suppression of IgE 
responses without affecting specific IgG responses. Holt. P.a. Britten. 0. and Sedgwick. 0.. Immunol. 60 (1987). 97- 
102 desCTibe the suppression of IgE responses by antigen inhalation. An aerosol formulation containing ovalbumin is 
disclosed. It is suggested that the aerosol formulation induces tolerance by eliciting IgE-specific suppressor Tcells. 

20 Said prior art document does not disclose the use of an autoantigen in an aerosol formulation for treating an aulolm- 
mjne disease. 

(OOl 8] No method or technique for treating or preventing autoimmune diseases is suggested of disclosed in these 
references. 

(OOISJ It is an object of the present invention Is to provide pharmaceutical formulations for treating mammals suffering 
2S from autoimmune diseases. 

I0020j A further object of the invention Is to provide a formulation for administration to mammals tot the purpose of 
pr&renting or treating autoimmune diseases in such mammals. 

(0021) Ttiese and other objects of the present invention will be apparent to those of ordinary skill in the art in light of 
the present specHicatioa drawings and claims. 

30 

BRIEF DESCRIPTION OF THE DRAWINQS 



(0022] 

35 Fig. 1 is a graph showing the disease suppressive effects of various concentrations of orally administered MBP on 
the course and severity of EAE; 

Rg. 2 is a graph showing the diseas suppressiv effects of various concentrations of MBP administered in a rosd 
form on the course and severity of EAE: 

Fig. 3(A-D) are a series f graphs directly comparing the effects of various doses of GP-MBP when administered 
<o orally or in aerosol txm on th course and severity EAE. 

Fig. 4 is a graph showing the effects f GP-MBP fiagirwnts on the course and se/crity of EAE. 

Fig. 5 is a graph showing treatment of animals after induction of EAE. 

Fig. 6 is a graph showing the effects of various aerosol-administered proteins on EAE. 
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diseases in mammals. The dosage fomis comprise at least one autoimmune suppressive agent selected from the 
group consisting of autoantigens specific for said autoimmune disease, autoimmune suppressive fragments and ana- 
logs of said autoantigens in aerosol form. 

DETAILED DESCRIPTION OF THE INVENTION 

[0025] All patent applications, patents and literature references referred to in this specification are hereby incorpo- 
rated by reference in their entirety, 

[0027] It has now been discovered that administration of autoantigens (or autoimmune suppressive fragments or ana- 
logs thereof) in aerosol farm is effective in treating autoimmune disease In mammals, A particularly surprising and 
unexpected development is the discovery that administration of autoantigens in aerosol form is more effective in pre- 
venting and treating autoimmune diseases in mammals than administration of the same autoantigens in solid form via 
the oral route. Also surprising is the discovery that it is possible to achieve effective suppression and prevention of 
autoimmune dseases in mammals using a smaller quantity of such autoantigens in an aerosol form than by adminis- 
tration of a solid dosage form. The aerosol administration of autoantigens has been found to be effective in sn)pressing 
both cell-mediated and antibody-mediated autoimmune responses. 

(002B] Non-linAing exan^les of autoimmune diseases that may be treated or prevented using the present invention 
include multiple sderosis. rheumatoid arthritis, myasthenia gravis, autoimmune thyroiditis, diabetes melWus (especially 
Juvenile Onset Diabetes), autoimmune uveoretinitis. systemic lupus erythematosus (SLE or Lupus), adrenalitis and 
chronic active hepatitis. 

(0029] As used herein, the term "aerosoP refers to finely divided solid or liquid particles that may be created using a 
pressurized system such as a nebulizer. The Gquid or solid source material contains autoantigens and/or autoimmune 
disease suppressive fragments and analogs thereof as defined herein, 

(0030] An autoimmune disease is a malfunction of the immune system of nwmmals. including humans. In a mammal 
afflicted with such a disease, the immune system cannot or does not distinguish between exogenous (foreign) sub- 
stances within the mammal and autologous tissues or substances. As a result, the immune system treats autologous 
tissues (self antigens) and substances as if they were foreign and evokes the proliferative immune defense that is usu- 
ally resen/ed for use against exogenous (foreign) tissues or invading organisms. In essence, one arm of the normal 
immune system becomes altered and begins a proliferative response against autologous tissues. As employed herein, 
the tenn 'mammar refers to all life forms that have an immunoregulatory system and are therefore susceptible to 
autoimmune dseases. 

10031] As enployed herein, the term •autoantigen' refers to any substance normally found within a mammal that (1) 
is not recognized as part of the mammal itself by the lymphocytes or antibodies of that mammal, (2) is attacked by the 
immunoregulatory system of the mammal as though such antigen were a foreign sitstance and (3) acts to downregu- 
late the arm of the immune system that is responsible for causing a specific autoimmune disease. The term autoantigen 
also includes antigenic substances which induce conditions having the synptoms of an autoimnune disease when 
administered to mammals. 

(0032] As used herein the term "autoimmune suppressive fragments* includes any peptide or polypeptide containing 
partial amino add sequences or ovsieties of autoantigens and possessing the abiGty to suppress or prevent an autoim- 
mune response upon aerosol administration. Such fragments need not possess the autoartigenic properties of the 
entire autoantigen. By way of non^imiting example, when MBP is administered parenterally to mammals In the pres- 
ence of an adjuvant it induces EAE in susceptW mammals. It has now been discovered that certain non^isease- 
indudng fragments of MBP (i. fragments of MBP which d not induce EAE when administered parenterally with an 
adjuvant) nevertheless possess autoimmune-suppressive activity when administered orally (or enterally) or In aerosol 
form to mammals suffering from EAE, ExampI s of such fragments are reported in U.S. patent application Serial No, 
65.734. and International Pat nt Application No. PCT/US88/02139. and Examples 2 and 6 below. 
(0033) As enpl yed herein 1h term 'analogs* of such autoantigens or fragments thereof refers to compounds that 
are structurally related to these aut antigens or t ther autoimmune-suppressive fragments and which possess the 

csma hlnt/vtirol ^Hi'tAtw i a fha ahiKK/ in oTtrnnoia nf ci rwacc thfl atftfiimmtmo r<Knnnsfl UDon adfosol administration 
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to a compound or composition which can be administered in an aerosol form to a mammal to suppress, pre/ent or delay 
the clinical onset or manifestation of a specific autoimmune disease. The term includes autoantigens that are active 
against a specific autoimmune disease, as well as autoimmune-suppressive fragments or analogs thereof as defined 
above 

[0035] As employed herein the term "treatment' refers to prophylactic administration to prevent an autoimmune ds- 
ease in susceptible individuals or to treatment of an active autoimmune disease in an affected individual. 
[0036] The tolerance induced by the autoimmune-suppressive agents of this invention is dose-dependent; over a 
broad dosage range of aerosol material it has been found that suppression (or attenuation) of clinical manifestations of 
the disease (EAE) increases with increasing dosage levels of the aerosol-ized autoimmune-suppressive agent admin- 
istered as shown in Examples 2-9 below. Dose dependency was also seen in the arthritis system. Moreover, the aerosol 
administration of an irrelevant antigen (i.e. one not implicated in an autoimmune disease, such as histone protein, or 
certain synthetic fragments of MBP) has no effect on the clinical manifestation of the autoimmune disease. 
[0037] Administration of autoantigens and the aerosol route for the treatment of autoinunune disease has several 
advantages over other routes of administratioa Ease of administration is one important advantage. Also, as shown 
below in Example 2. aerosol administration of MBP is effective in treating EAE at substantially lower doses than those 
required to treat this disease when the same agent was adninistered orally via the oral route in a solid dosage form. A 
further advantage is that the aerosol administration route involves less exposure of the autdmmugenic agents of the 
present invention to degradative gastric juices, which may act to reduce the efficacy of such agents. 
10038] It should be noted that the amount of autoimmune suppressive agent of the present invention which the treated 
animal receive via aerosol administration is substantially lower than the total amount of the agent which is administered. 
It is believed that only 1/200 of the total dosage present in the nebufeer is actually taken up on the pulmonary surface 
of the treated animals. The majority of the autoimmune suppressive agent nebulized into the cages is not breathed by 
the animals but non-spedfically adheres to the cages and to the animals. Therefore, aerosol administration is much 
mae effective than oral a enteral administration where in the latter case all of the autoimmune suppressive agent is 
delivered to the treated animals. 

[0039] Various model systems have been developed for studying autoimmune diseases. Experimental allergic 
encephalomyelitis (EAE) is an induced T-cell mediated autoimmune disease which has been studied in mice and other 
mammalian spedes as a model for Multiple Sderosis (MS) in several mammalian spedes. The disease is induced by 
parenteral administration of MBP and an adjuvant (such as Freund's complete adjuvant). This treatment induces both 
a monophasic arxl an exacerbating/remitting form of demyelinating disease (depending on the spedes and details of 
administration). The induced disease has the characteristics of MS. Parenteral administration of Mycobacterium tuber- 
culosis with Freund's conplete adjuvant oil into the dorsal root tail of susceptible mammals induces a disease with the 
characteristics of human rheumatoid arthritis. In addition, the administration to Lewis rats of S-antigen and an adjuvant 
induces autdmmune uveoretinitis. Diabetes develops spontaneously in the NOD nx)use and the BB rat Various ones 
of these model systems have been employed to demonstrate the efficacy and improved treatment provided by the 
present invention. 

[0040] The present invention may be used to treat a wide variety of autoimmune diseases, both antJxxJy- and cell- 
mediated. As shown below in Examples 6 and 7. aerosol administration of an autoantigen (guinea pig MBP) and dis* 
ease-suppressive fragments thereof caused suppression of both celKe.g. delayed-type hypersensitivity reactions) and 
antibody-mediated immune responses. In addition, as shown in the data presented in Example 3, this suppression was 
actively mediated by spleen cells, implying a role for active cellular suppression in this phenomenon. Therefore, as in 
the case of immune suppression mediated by the oral administration of autoantigens (disdosed in US, Patent AppBca- 
tion Serial No. 55.734 and the copending International Patent Application PCTAJS88A)2139). aerosol administration of 
autoanti'gens is beliwed to act at least in part by mediating the activity of suppressor T-cells, Non-fimiting examples of 
autoimmune diseases which are cell-mediated include multiple sderosis. rheumatoid arthritis, autdmmune uveoretini- 
tis, diabetes and autoimmune thyroiditis. Antibody-mediated autoimmune dis ases indude myasthenia gravis, systemic 
IH)U6 erythematosus (SLE). pemphigus and thrombic thrombocytopenic purpuria, A non-limiting list f diseas models 
and the specific autoantigens effective in the treatment of these diseases when administered in an aerosol form are set 
forth below in Table 1. 



TABLE 1 



Disease Model 



Specific Autoantigen 



Multiple Sclerosis 



MBP 
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TABLE 1 (continued) 



Disease Model 


Specific Autoantigen 


Myasthenia Gravis 


Acetylcholine receptor 


Autoimmune uveoretinitis 


S-antigen 


Systeniic Lupus Erythematosus 


DNA 


Diabetes 


Islet cell extract 


Chronic Active Hepatitis 


uver exiraci 


Adrenalitis 


Adrer^ gland extract 


Polymyositis 


Muscle extract 


Autoimnrwne henx)lytic anemia 


Henrwtopoietic cells 


Rheumatic carditis 


Heart extract 


Sderoderma 


Skin cell extract 



(0041 ] For any autoimmire disease, tissue extracts can be used as well as the specific antigens desaibed above, 
20 [0042] Othef autoimmune diseases and their specific autoantigens and/or target tissues are disclosed in Schwartz, 
as. et al, in Fundamental ImmunQloov. Second Edition. Paul. W.E.. Ed., pg 819-859. Raven Press. NY. 1989, 
[0043] Autoantigens for use in the present invention can be isolated from the tissue which is the target for the partic- 
ular autoimmune disease. For example, myelin basic protein (MBP) for use in treating MS can be isolated and purified 
from mammals using the method of Dieblef et al. (infra) as shown in Example 1 below. 
25 (0044] When treating a disease having the symptoms of rheumatoid arthritis, collagen can be isolated and purified by 
the method of Trentham et al, J. Exp. Med. 146: 857. 1977. 

(0045) For treating autoimmune uveoretinitis. purified S-antigen can be obtained as desabed in copending applica- 
tion Serial Na 379.778. 

(00461 For treating myasthenia gravis, purified acetylcholine receptor can be isolated by the method, of Mcintosh et 

30 al. J Neuroimmunol . 25: 75. 1989, 

(0O47] Fragments and analogs of autoantigens for use in the present invention can be synthesized using solid phase 
synthesis techniques well-known in the art such as those of Me RB.(F8iPr2SLMSSS.&LM21:412. 1962 
and i ^ Chem. SOL 65: 2149. 1 963) and Mitchel. A.R. et al.) as well as Tarn, J. et al. tL Am ChetTl SfiJL SS: 7357, 
1976). Analogs can be constructed by identifying an equivalent amino add sequence and using the peptide synthesis 

25 techniques disclosed above. 

(00481 Analogs can be provided using the known amino acid sequence of GP-MBP as disclosed In G, HasWm. in 
Meviin : Chen^strv and Bioloov Alan R. Lisa. N.Y, 1980 using techniques desaibed above and in Eyier, E.H„ in 
Advances in Experimental Medicine and BidoQV S: 259-281. 1978. For example, a peptide having a sequence corre- 
sponding to GP-MBP amino add residues 72-85 as disdosed in Hashtm (supra) can be chemically synthesized using 

40 the above<lescribed technique with an amino acid substitution at the terminal asparagine position to glutamine. The 
peptid can be tested for disease-suppressive activity when administered in aerosol form using th techniques as 
shown in Example 2 below. 

(00491 Disease-suppressive analogs and fragments can also b obtained using recombinant DNA lechniq^jes well- 
known in the art. 

45 [00501 The present invention also provides aerosol pharmaceutical formulations and dosage fonns for inhalation for 
use in treating mammals suffering from aut immune diseases. In general such dosage forms contain one tx more 
autoimmun suppressiv agents s lected from the group condsting of autoantigens directed against the autoimmun 
disease, dis ase suppresdve fragments and analogs of such autoantigens, in an amount effective to treat or prevent 
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[0053] The route of administration of the suppressive agents of the present invention is in an aerosol or inhaled form. 
The suppressive agents of the present invention can be administered as a dry powder or in an aqueous solution. Pre- 
ferred aerosol pharmaceutical formulations may comprise for example, a physiologically-acceptable buffered saline 
solution containing between about 0,15 mg and about 300 mg of one or more of the autoimmune-suppressive agents 

5 of the present invention specific for the autoimmune disease to be treated. 

(0054) Dry aerosol in the form of finely divided solid autoantigen particles that are not dissolved or suspended in a 
liquid are also useful In the practice of the present invention. Autoantigen may be in the form of dusting powders and 
comprise finely divided partides having an average partcle size of between about 1 and 5 urn, preferably between 2 
and 3 um. Rnely divided autoantigen particles may be prepared by pulverization and screen titration using technique 

10 well known in the art The partides may be administered by inhaling a predetermined quantity of the finely divided mate- 
rial, which can be in the form of a powder. 

[0055] Specific non-limiting examples of the carriers and/or diluents that are useful in the pharmaceutical formulations 
of the present invention indude water and physiologically-acceptable buffered saline solutions such as phosphate buff- 
ered saline solutions pH 7.0-8.0. 

ts [0056] In general, the autoantigen. fragment or analog is introduced to a mammal in an aerosol ferm in an amount 
ranging between about 0.1 mg per kg body weight of said mammal and about 15 mg per kg body weight of said mam- 
mal per day. and may be administered in a single dosage form or mult?)le dosage forms. Preferably, the autoantigen, 
fragment or analog is administered in an amount ranging between 1 mg and about 10 mg per kg body waght ol said 
mammal per day. The exad amount to be administered to a patient will vary depending on the stage and severity of the 

20 patient's disease and the physical condition of the patient 

[0057] The pharmaceutical formulations of the present invention may be administered in the form of an aerosol spray 
using for example, a nebulizer such as those described in U.S. Patent Nos. 4.624.251 issued ^k)vemb€r 25, 1986; 
3.703.173 issued November 21, 1972; 3.561.444 Issued February9. 1971 and 4.635.627 issued January 13. 1971.The 
aerosol material is inhaled by the subject to be treated. In the present examples (and tor purposes of accuracy) the ani- 

25 mals treated with aerosol agents were retained in enclosed (airtight) cages, into which the aerosol was dispensed. 
Thus, the amount of material per unit of area could be determined and the resufts quantified in terms of unit of aerosol 
material per unit volume of cage area. 

[0058] Other systems of aerosol delivery, sudi as the pressurized metered dose inhaler (MDI) and the dry powder 
inhaler as disdosed in Newman. S.P. in Aerosols and the Luno. Qarke. S.W. and Davia. D. eds. pp. 197-224. Butter- 

30 worths. London. England, 1 984, can be used when pradidng the present invention. 

[0059] Aerosol delivery systems of the type disclosed herein are available from numerous commerdal sources indud- 
ing Rsons Corporation (Bedford, MA), Schering Corp. (Kenilworth. NJ) and American Phamwseal Co., (Valenda, CA). 
[0060] The working exanples presented below illustrate that administration of MBP and Type II collagen in aerosol 
form was effective in sippressing the dinical synptoms of EAE and collagen-induced arthritis, respectively in a dose- 

05 dependent fashion over a wide dosage range. Administration of MBP in aerosol (Squid) fomi was effective in suppress- 
ing EAE when administered before or after disease inductwn and resulted in both a delay in the onset of disease symp- 
totre and a reduction in the disease severity in treated animals. Both spedfic antibody and cell-mediated (e.g. delayed- 
hypersereitivity) reactions were downregulated by aerosol administration of spedfic autoantigens or disease suppres- 
sive fragments thereof. In thes instances the spedfic immunosuppression induced by aerosol administiBtion of 

«? autoantigen was mediated by spleen cells and not ceDs isolated from the thymus of treated animals. These spleen cells 
were able t actively transfer protection against EAE to naive redpients. Moreover, bovine myelin was also found to be 
effective in suppressing EAE as was guinea pig MBP. altfwugh the latter was more ffective disease suppr ssive ag nt 
in rats that had been immuiized with GP-MBP to induce EAE. Finally, histotogical examination of aerosol-treated ani- 
mals showed that there was an absence of cells adively infiltrating the brains of animals treated according t the 
nrcKant invan^'m Thii<: anrosnl administration of an autoanti'oen to animals suffering from an autoimmun disease 
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and resuspended twice in urea. The solution was then filtered again, resuspended twice in water, filtered, resuspended 

in 0.121 N HCI. fittered. dialyzed against 10 volumes of distilled water and lyophilized before use. 

[0064] Type II collagen used in the Examples presented below was purchased from Genzyme (Boston, MA). 

5 EXAMPLE 2: 

[0065] In the experiments desaibed below, Lewis rats, age 6-8 weeks (Charles River. Wilmington, MA) in which EAE 
had been induced on day 0 by footpad injection of 10 micrograms of guinea pig myelin basic protein (QP-MBP) purified 
as in Example 1 above, in Freund's complete adjuvant as disclosed in J. Immunol. 440, 1988. The rats were 
JO treated as desabed below with various doses of GP-MBP in concentrations ranging between 0.005 milligrams and 5 
milligrams either orally or in an aerosol spray. 

[00G5] The oral and aerosolized GP-MBP were administered in the same doses on the same days to gro(^s of five 
rats, 

[0067] The aerosol GP-MBP was administered in phosphate buffered saline (PBS. pH 7.4) using a nebuCzer. Aerosol 
J5 was administered to test animals through a hole punched in the side of the cage which held the animals. For aerosoli- 
zation. a nebulizer (American Pharmoseal Co.. Valencia. C^ Catalog Na 002038) was attached to an air pressure out- 
let delivering the equivalent of 7.4 liters of oxygen (the amount of oxygen used bi a hospital far nebulization). The 
nebulizer produced droplets of spray having a diameter of between about 0.3 micrometers and about 0.5 miCTometers 
in diameter. 25 mg of GP-MBP. purified according to the method of Diebler et al. (supra) was dissolved in 5 ml of PBS. 
20 This was then aerosolized over a 1 0 to 1 5 minute period to 5 rats per cage (having dimensions 14' X 1 2" X r. for height, 
width and depth, respectively). During aerosolization. a fine mist was aeated in the cage and the rats moved about 
freely. The schedule of treatments was as follows: Treatments (either oral or aerosol) were given on days -10. -7, -5. • 
3, 0. +2 and +4. Immunization to induce EAE on day 0 resulted in an acute paralytic disease with symptoms manifesting 
on days 12 to 14 post-inminization. The scoring system was: 0 « normal; 1 « loss of tail tone; 2 - weakness of back 
2S legs; 3 - paralysis of back legs; 4 - front leg weakness; and 5 - moribund. EAE severity varied between 2 and 5. 
depending on the experiment Animals were scored clinically in a blinded fashion. 

[0068] Oral QP-MBP was adninistered as disclosed in copending International Application No. PCT/US88/02139 and 
U.S, Patent applicatk)n Serial No. 65,734. 
[0069] The results are shown in Figs, land 2. 
:o [0070] The graph in Fig. 1 illustrates that the control animals began manifesting disease symptoms at approximately 
12 days after induction of EAE. The oral administration of GP-MBP caused a significant deaease in disease synptoms 
and delayed the onset of disease synploms in all groups tested with the maximal delaying effects occurring when 0.5 
mg or 5 mg of GP-MBP was administered orally per animal. 

(0071 J In Fig. 2 it can be seen that the aerosol administration of from 0,005 mg to 5 mg of GP-MBP signrf icantly 
35 deaeased EAE disease severity in all the animals tested. Administration of 5 mg of QP-MBP totally protected all ani- 
mals by suppressing all disease symptoms. Aerosol administration was more effective than oral administration, Le. 
administration of GP-MBP in aerosol (spray) form reduced disease symptoms at lower effective concentrations (dosage 
levels) than administration of GP-MBP in solid form via the oral route. 

[0072] A direct conparison of each dose (i.e. 0.005. 0.05. 0.5 and 5 mg/animai). administered either orally or in aer- 
40 osotform is shown in Rgs,3A-D. The experiments we performed exactiy as abov using 5 animals per experimental 
group. The results confirmed that aerosolization was more effective than oral administration in that smaller quantities of 
aerosolized GP-MBP were required to suppress EAE disease symptoms This data shows that the r ute of administra- 
tion of the material inhaled in th lungs caused the effects shown in Figs, 1-3 and was not simply du to material that 
might be swallowed because much larger quantities of orally-administered GP-MBP are required to produce the same 
45 effect as when administered in aerosol forra 

[0073] Different fragments of GP-MBP were tested for their effects on EAE. The MBP fragments were prepared by 
solid phase peptide synthesis (obtained from Bi search. San Raphael, CA). Fragments corr spending to amino acid 
residues 16-35. 51-70 and 12M38 of QP-MBP were administered to 5 animals at a concentration f 0.14 mg per ani- 

f J»»*U^ KUm^ M< 4Un ^k/^/a fiAmlntHaroA franmanfc wara DnronhalnlnMltr (l A nnilA of thfi franmfintS 
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[0077] In order to show.the specrticity of the autoimmune suppressive treatment, different concentrations of GP-MBP. 
a fragment of GP-MBP (con-esponding to amino acid residues 21-40 of GP-MBP) or histone protein (5 mg/animal. 
obtained from Sigma Chemical Co.. St Louis, MO) were aerosolized to rats in which EAE had been previously induced. 
The results are shown in Fig. 6. 

5 [0078] Ttie data in Fig. 6 show that when 5 mg of GP-MBP was administered in aerosol form, it completely protected 
the treated animals from induction of EAE. One mg of GP-MBP administered m cerosol form also was protective. His- 
tone protein at 5 mg did not protect against EAE. Histone was used as a control because it is r positively charged pro- 
tein (as is MBP) and is of a similar nujiecular weight to MBP. (18,000 daltons as compared to 16.000 daltons for MBP). 
[0079] In this experiment the GP-MBP fragment administered (2 1 -40) also did not protect In Rg, 6 it can be seen that 

10 1 mg of GP-MBP given orally protected the animals against EAE but did not protect as well as when the same amount 
of GP-MBP was given in aerosol fbrra 

EXAMPLE 3: 

15 [0080] 7>ie data presented below represent a series of in vitro experiments which illustrate that spleen cells recovered 
from animals treated with aerosolized GP-MBP actively suppressed proliferative responses in vitro. Animals received 
aufoantigen in aerosol form on six separate occasions using the identical regimen as in Example 2 above except that 
they did not receive the -10 day treatment Modulator cells included thymocytes or splenocyles from treated or non- 
treated animals. Responder cells included NLB. which is a myelin basic protein specif ic T-cefl line derived from Lewis 

2C rats, and NLA is a mycobacterial induced line derived from Lewis rats, the latter used as a negative control The NLB 
and NLA cell lines were derived from the popliteal lymph nodes of Lewvis rats immunized with either GP-MBP or Myco- 
bacterium tuberculosis, respectively in Fr eund*s complete adjuvant using techniques well-known in the art (J. Immunol. 
131 : 2810, 1988). The isolated lynph node cells were restinxjiated in vitro with antigen plus interleukirv2 (IL-2) before 
use. The experiments were perfonmed as desaibed in Uder et, el. (J, Imnxjnol. Ug: 748-752, 1988). The amount of 

25 MBP or Concanavalin A (Con A) used in vitro was 10 miCTogramsAnl and 1.25 micrograms/rnl. respectively. Con A was 
used as a non-specific control. The results are set forth in Tables 2 and 3 below. 



TABLE 2 



30 


SUPPRESSION OF LINE CELLS USING THYMOCYTES FROM TREATED RATS AS MODU- 
LATORS 






CONTROL RATS (a 
CMP X 10^) 


AEROSOL TREATED 
RATS (A CMP X 10^) 


% SUPPRESSION 


35 


RESPONDERS 










NLB + CON A 


24.648 ±0.9 


29.950 ± 6.6 


-17% 




NLB + GP-MBP 


20.647 ± 6.9 


22.480 ± 5.6 


-8% 


40 


NLA + CON A 


19,690 ± 5.9 


15.941 ±2,1 


19% 



TABLE 3 



SUPPRESSION OF LINE CELLS USING SPLENOCYTES FROM CONTROL OR AEROSOL 
TREATED RATS AS MODULATORS 




CONTROL RATS (zi 
CMP X 10^) 


AEROSOL TREATED 
RATS (A CMP X 10^) 


% SUPPRESSION 


RESPONDERS 








NLB + CON A 


93.404 ±1.4 


87.635 ±8.1 


6% 


NLB + GP-MBP 


63.023 ±12.9 


35,523 ±8.9 


44% 


NLA + CON A 


19.892 ±4,6 


30.553 ± 3.6 


-53% 



[0081 ] In Tables 2 and 3. it can b seen that when GP-MBP was added to the NLB One in th pr sence of nxxJulator 
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cells isolated irom the spleen of aerosol-treated (with GP-MBP) rats, a 44% suppression of the immune response was 
observed (Table 3), Therefore. MBP was required to suppreoS the ::r-^ae resoonse in aerosol-treated animals and the 
suppression was antigen specific. VVn^n.Con A v^^s added to NLB or NLA cells alone, it did not induce suppression. 
[0082] The data in Table 2 shows that thymocytes wet e not involved in this immune suppression as neither the control 
(NLB + Con A) or MBP-treated lines showed evidence of any su)jpres;sion. Therefore, one of the mechanisms of action 
of the aerosolization of autoantigens for the treatment of autoimmune diseases appears to be the generation of cells 
that actively suppress the specific in vitro autoimmune response in treated animals. This was also demonstrated by 
adoptive transfer of protection by spleen cells from aerosol-treated animal as shown in example 9 below. 

EXAMPLE 4- 

(00831 Adjuvant arthritis is a model for rheumatoid arthritis in which arthritis is induced by injecting Freund's complete 
adjuvant into the base of a rat's tail. Approximately 14 days post-immunization, animals treated in such a fashion 
develop severe swelling of their joints, characteristic of rheumatoid arthritis in humans, 

10084] The effect of aerosol administration of collagen on adjuvant arthritis was studied. The experiments were per- 
formed as follows. 

10085] Aerosolization of Type 11 collagen was performed as in Example 2 above for GP-MBP at doses of 0.003. 0.03 
and 0.3. milligram per animal. Arthritis was induced by injecting rats in the base of the tail with Freund's complete adju- 
vant Five animals were used for each experimental group as described above In Example 2. The animals were treated 
on days -5. -3, 0. +2 and +4 relative to the induction of arthritis in the aerosol-treated rats, 

[0086] The mean arthritis score was graded on a scale of 0^ for each of four paws in the rats as descrhed in i Effi^ 
MfiSLliS: 857. 1977 as follows: 0-normal. 1 -redness only. 2-redness plus mild swelling. 3-severe swelling. 4-ioint 
deformity. The mean arthritis score was calculated on each day for each group of animals. Individual scores for each 
paw were added together and scores determined for each animal in the group. The mean score was determined by 
dividing the total score for the group by the number of animals tested. 
[0087] As an example, the calculation of a mean arthritis score is set forth below. 



Animal Number 


Score for Each Paw 


Total Score for each ani- 
mal 


1 


1.1.1.1 


4 


2 


2. 2, 2. 2 


8 


3 


3. 3, 3. 3 


12 


4 


4. 4. 4. 4 


16 



[0088] The mean arthritis score for the four animals in this group would be: 



4 + 8+12+15 40 ^„ 
4 --4-^° 



[0089] The results of the above experiments are shown in Fig. 7 in which the x-axis is the days postHmrrunization and 
the y-axis is the mean arthritis scora 

[0090] As shown in Fig, 7, aerosol administration of collagen at 0.03 and 0.3 but not 0.003 milligrams per rat signifi- 
cantly decreased the mean arthritis score. Therefore, as in the case of aerosol administration of MBP for treating EAE 
administration of collagen to animals afflicted with adjuvant arthritis was effective in a dose-dependent manner. 

EXAMPtF.S; 

[0091 J Bovin myelin and bovine MBP were tested for their abflity to suppr ss EAE when administered orally and in 
aerosol fonu Bovine myefin was purchased from Biopure (Boston. MA) and consisted of isolated myelin purified on a 
sucrose gradient according to routin procedures well-known in the art EAE was induced and Bovin myelin and MBP 
were administered in oral or aerosol form as in Example 2 above. The results are set forth in TaW 4 below 
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TABLE 4 



GROUP 


Days PI 




12 


13 


14 


15 


16 


17 


18 


19 


20 


Contro! 


0.9' 


1.7 


2.3 


2,4 


1.9 


1.5 


0.9 


0.7 


0.2 


Bcvine myelin, 1000 mg 


0 


0 


0.3 


0.4 


0.3 


0,2 


0 


0 


0 


Bovine myefin. 100 mg 


0.3 


0.4 


0.6 


0.8 


0.5 


0.5 


0.1 


0 


0 


Bcvine myelin, MBP. 10 mg 


0.2 


0.2 


0.5 


0.7 


0.4 


0.4 


0.3 


0 


0 


Bovine myelin. 10 mg (A) 


0 


0 


0 


0.4 


0.7 


0.5 


0.7 


0.2 


0 


Bovine myelin, 1 mg 


0.8 


0.7 


0.8 


1.3 


1.1 


0.7 


0.4 


0.2 


0 


Bovine myefin, 0,1 mg 


0.7 


1.1 


1.3 


1.2 


1,3 


0.9 


0.4 


0.3 


0,1 


Bovine-MBP, 1 mg 


0.2 


0.4 


0.7 


0.6 


0.4 


0.2 


0 


0 


0 


GP-MBP, 1 mg 


0 


0 


0 


0.1 


0.3 


0.4 


0.1 


0 


0 



^ ' Mean paralytic score 

A » aerosol 

PI « post-immunization days 



2S [0092] Referring to Table 4 above, Bovine myelin was effective in treating EAE when adminisfered in oral and aerosol 
form. Ten mg of Bovine myelin adnninictered in aerosol form was as effective in suppressing autoimmune disease synp- 
toms as 1000 mg of the same material administered orally in liquid fenu In addition, oral administration of Bovine MBP 
was also effective in suppressing EAE symptoms induced by GP-MBP. 

30 EXAMPLE 6; 

[0093] Delay-type hypersensitivrty (OTH) responses were measured In Lewis rats in which EAE had been induced 
and treated with efther oral or aerosol-administered GP-MBP. Delay-type hypersensitivity (DTH) is a classic measure of 
irudmcell mediated immunity. 

55 (0094J Rats (5 per group) were treated vyrith 5 mg of GP-MBP administered either orally or in aerosol form and DTH 
responses were measured as above. Delay-type hypersensitivity was induced by injecting 10 micrograms of GP-MBP 
into the pinna of a rats ear and the subsequent swelling measured 48 hours later according to methods described In A 
Immunol. 125: 283, 1980. 

I0(»5] DTH responses in rats in which EAE had been induced as in Example 2 above were measured as above after 
« various treatments. Rats (5 per group) were treated with 5 mg/animal of various MBP preparations in aerosol form and 
DTH responses measured. The results are set forth below in Table 5. 



4S 



so 



55 
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TABLES 



DTH Response (X 10'^ Inches) 


Treatment 


Control 


Treated 


Significance' 


GP'MBP. -3 


1.150 


0.180 


0.000 


GP-MBP.+7.+9.+11 


1.150 


0.580 


0.004 


GP-myelin 


1.150 


0.040 


0.000 


GP-MBP fragment (16-35) 


1.150 


0.850 


0.036 


GP-MBP fragment (51-70) 


1.150 


1.000 


0.251^ 


GP-MBP fragment (12M36) 


1.150 


0.911 


0.096^ 


Bovine MBP 


1.150 


0.330 


0.000 


RatMBP 


1.150 


1.080 


0.585^ 



' Oetermined by student's (-test 
^ Not significant by student's t-test 

20 

(00961 Rs'e'ring to the data in Table 5. aerosol adninistrab'on of GP-MBP 3 days before (-3) or on days 7. 9, and 1 1 
post-induction (+7. f 9. +1 1) of EAE significantly suppressed DTH responses In aerosol-treated rats. Aerosd treatment 
using whole guinea pig myelin, administered on days -10. -7. -5. -3. 0, +2 and -f4 was also effective in suppressing DTH 

25 responses in treated animals. 

(0097] Certain fragments of GP-MBP (administration as above) were also effective in suppressing DTH responses in 
aerosol-treated animals. A OP-MBP fragment coffesponding to GP-MBP amino acid residues 1 6-35, snjpfessed DTH 
responses when adin'nistered in aerosol form (Table 5): a fragment corresponding to GP-MBP amino add r«idues 51- 
70 was ineffective in suppressing DTH responses and a fragment corresponding to GP-MBP amino add residues 121- 

30 138 induced a low level of suppression of DTH responses. This data shows that certain fragments of GP-MBP were 
effective in si4)pressing DTH responses. 

(0098) Finally, aefosoFaed Bovine MBP was effective in suppressing DTH responses in animals imn[unized with GP- 
MBP whereas aerosolized rat MBP was ineffective in this respect. These data also show that aerosolization of a protein 
itself is not responsible for the inwunne suppression of DTH and only specific proteins produced this effect 

35 

EXAMPLE 7 : 

(00991 The effects of aerosol administration of GP-MBP on antibody production in rats in which EAE had been 
induced was examined. 

40 (01001 Antibody responses wer measured in animate treated with aerosoTized GP-MBP and a variety of control anti- 
gens "mduding histone and bovine serum albumin (BSA). In these experiments, seojm was taken and antbody titefs 
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TABLE 6 (continued) 



SERUM ANTIBODY LEVELS 


Group 


1/10.000 


1/20.000 


1/40.000 


1/80.000 


BSA,5mg 


0.405 


0.489 


0.382 


0.315 


PBS 


0.913 


0.953 


0.769 


0.624 


BP-MBP-fragment (21-40. 0.174 mg/rat) 


0.226 


0.243 


0.192 


0.132 



(01 01 1 The results presented above shcjw that in animals treated with 5 mg of aerosolized GP-MBP there was a sta- 
tistically significant decrease in antibody levels as compared to controls. Neither PBS, bovine serum albumin (BSA, 
Boehring-Mannheim) nor histone (Sigma Chemical Ca. SL Louis. MD) suppressed antibody responses. In addition, a 
GP-MBP fragment corresponding to GP-MBP amino acid residues 2M0 also suppressed specific MBP antibody 
responses in a statistically significant manner when administered in aerosol form. The results presented above show a 
decrease in antibody response to MBP in animals treated with 5 mg aerosolized MBP. 

EXAMPLE g; 

[01 02] EAE was induced in rats and the animals were treated with GP-MBP by aerosol as desaibed above in Exam- 
pie 2 (25 mg of GP-MBP in 5 ml of PBS administered to five rats per group on days -10. -7, -5. •S, 0, +2 and +4). Control 
animals were treated with PBS alone. Rats were sacrificed 16 days after imrminizalion, their brains fixed in fbmialde- 
hyde, slides of paraffin-embedded tissue prepared for individual rats and the number of parenchymal inflammatory fed 
in the rat's brains were counted in a blinded fashion. Histologic analysis was performed on the rats as descrbed (Hig- 
gins et al., J. Immunol. 140 : 440, 1988). The results of this biological analysis is set forth below, 
[0103] In these studies, there was an absence of cells infiltrating brain parenchyma in MBP-treated animals. The 
results were as follows: 

controls (n=6) # fod = 48,25.14.11,8,4; average foci/animal « 18,3 

aerosol treated (n=4) If fod « 2.0,0.0; average foci/animal » 0.5 

[01 04] Ttiis demonstrated that aerosol treatment not only affected dinical disease and immunologic function, but also 
prevented movement of cells into the brain. Movement of cells into the brain is the primary mechanism underlying the 
disease process in EAE. 

EXAMPLE 9: 

[0105] A major question related to the protection f animals from EAE following aerosdization of GP-MBP is the 
mechanism of action f the specrftc immune suppression. Th experiments described below show that active cellular 
mechanisms are triggered by aerosol administration of MBP. in these experiments cells that adoptively transfer protec- 
tion against EAE to naive animals wer recovered from the spleens of aerosol-treated animals. 
[01 06] Lewis rats were treated as desaibed above in Example 2 using 5 rats per group (5 mg per rat of GP-MBP In 
PBS admnistered 7 times). Three days following the last treatment spleen cells were removed from treated animals, 
single cell suspensions prepared, injected intraperitoneally into 5 naive animals (9 x 10^ cells per each recipient) that 
were then immunized with MBP in Freund's complete adjuvant The results are shown in Fig. 8. 
[01 07] As shown in Figure 8, ther was a marked diminution of disease severity in rats which received spleen cells 
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the group consisting of.autoantigens, autoimmune disease suppressive fragments and analogs of said auloanti- 
gens, 

2. The formulation of claim 1 where n said autoantigen is myelin basic protein, 

5 

3. The formulation of claim 2 wherein said autoantigen is an autoinrvnune disease-suppressive fragment of myelin 
basic protein. 

4. The formulation of claim 1 wherein said autoantigen is collagen. 

5. The formulation of any of claims 1 to 4 in an aqueous aerosol form. 

6. The formulation of any of claims 1 to 5 which further comprises a pharmaceutically acceptable carrier or diluent 

T5 7. Use of at least one agent selected from the group consisting of autoantigens specific for an autoimmune disease, 
autoimmune disease stjppressive fragments arxl analogs of said autoantigens for the preparation of a medicanr>ent 
In aerosol form for inhalation for treating or preventing the onset of an autoimmune disease in a mammal by sup- 
pressing autoimmune response. 

20 8. The use of claim 7 wherein said autoimmune disease comprises multiple sderosis. 

9. The use of daim 7 or 8 wherein said autoantigen is myelin basic protein. 

1 0. The use of daim 7 wherein said autoimrrxine disease comprises rheumatoid arthritis. 

25 

11. The use of daim 7 or 10 wherein said autoantigen is collagen. 

Claims for the following Contracting State : ES 

30 1 . A process for preparing a pharmaceutical fonmulation in aerosol form for inhalation for treating a mammal suffering 
from an autoimmune disease by suppressing autoinmune response comprising an effective amount of at least one 
agent selected from the group consisting of autoantigens. autoimmune disease suppressive fragments and ana- 
logs of said autoantigens comprising the step of preparing a dosage form containing said agent. 

35 2, The process of daim 1 wherein said autoantigen is myelin basic protein. 

3. The process of claim 2 wherein said autoantigen is an autoimmune disease-suppressive fragment of myelin basic 
protein. 

^ 4. The process of daim 1 wherein said autoantigen is collagea 

5. The process of any of daims 1 to 4 in an aqueous aerosol form, 

6. The process of any of daims 1 to 5 which further comprises a pharmaceutically acceptable carrier or diluent 

7. A process for preparing a medicament in aerosd form for inhalation for treating or pre/enting' the onset of an 
autoimmune disease in a mammal by suppressing autoimmune response comprising at least one agent selected 
from the group consisting of autoantigens specific for an autoimmune disease, autoimmune disease suppressive 
fragments and analogs of said autoantigens. comprising the step of preparing a dosage form containing said agent 

so 

8. The process of daim 7 wherein said autoimmune disease comprises multiple sderosis. 

9. The process of daim 7 or 8 wherein said autoantigen is myelin basic protein. 

55 10, The process of daim 7 wherein said autoimmune disease comprises rh umat id arthritis. 
11. The process of daim 7 r 10 wherein said autoantigen is collagen. 
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Claims for the following Contracting State : GR 

1 . A process for preparing a pharmaceutical formulation in aerosol form for inhalation for treating a mammal suffering 
from an autoimmune disease by suppressing autoimmune response comprising an effective amount of at least one 
agent selected from the group consisting of autoantigens. autoimnuine disease suppressive fragments and ana- 
logs of said autoantigens comprising the step of preparing a dosage form containing said agent. 

2. The process of daim 1 wherein said autoantigen is myelin basic protan, 

3. The process of claim 2 wherein said autoantigen is an autoimmune disease-suppressive fragment of myelin basic 
protein. 

4. The process of daim 1 wherein said autoantigen is collagen. 

5. The process of any of daims 1 to 4 in an aqueous aerosol form. 

6. The process of any of daims 1 to 5 which further comprises a pharmaceuticaily acceptable ca/rier or diluent 

7. Use of at least one agent selected from the group consisting of autoantigens specific for an autoimmune disease, 
autoimmune disease suppressive fragments and analogs of said autoantigens tor the preparation of a medicament 
in aerosol form for inhalation for treating or preventing the onset of an autoimmune disease in a mammal by sup- 
pressing autoimmune response. 

8. The use of daim 7 wherein said autoimmune disease comprises multiple sderosis. 

9. The use of daim 7 or 8 wherein said autoantigen is myelin basic protein. 

10. The use of daim 7 wherein said autoinrunune disease comprises rheumatoid arthritis. 

1 1 . The use of daim 7 or 1 0 wherein said autoantigen is collagen. 
PatentansprOche 

Patentansprflctie fur folgende Vertragsstaaten : AT. BE, CH, LI, DE, DK, FR, GB, rT. LU, NL, SE 

1 . Pharmazeuttsche Zuberertung in Aerosol-Form zur inhalation zur Behandlung eines unter ei ner Autotmrnuner kran- 
kung leidenden SSugers durch Unterdrucken der Autoimmunantwort umfassend eine wirksame Menge wedg- 
stens eines Stoffes ausgewflhft aus der Gruppe bestehend aus Autoantigenen, Autoimniuneri<rankung- 
unterdruckenden Fragmenten und Analoga der Autoantigene. 

2. Zuberertung gemAB Anspruch 1 , wobei das Autoantigen basisches Myeiin-Protein isL 

3. Zubereitung gemafl Anspruch 2, wobei das Autoantigen ein Autoimmunerkrankung-unterdriJckendes Fragment 
von basischem Myelin-Protein ist. 

4. Zubereitung gemelB Anspruch 1 . wobei das Autoantigen Kbilagen ist. 

5. Zubereitung gem«i8 einem der Anspnjche 1 bis 4 in einer WekBrigen Aerosol-Form. 

6. Zubereitung gemflO einem der Anspruche 1 bis 5, weiterhin umfassend einen pharmazeutisch vertrAglichen Trager 
Oder Verdunnungsmittei. 

7. Veofvendung wenigstens eines Stoffes ausgewdhft aus der Gruppe bestehend aus fOr eIne Autoimmunerkrankung 
spezifischen Autoantigenen, Autoimmunerkrankungunterdruckenden Fragmenten und Analoga der Autoantigene 
zur Herstellung eines Medikamentes in Aerosol-Form zur Inhalation zur BehaiKflung oder Vorbeugung des Auftre- 
tens einer Autoimmunerkrankung in einem Sauger durch UnterdrOcken der Immunantwort 

8. Venfvendung gemdB Anspnjch 7, wobei die Autoimmunerkrankung MuKtple Skier ose umiaGt 
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9. Verwendung gemSB Anspruch 7 oder 8, wobei das Autoantigen basisches Myelin-Protein ist. 

10. Verwendung gemAG Anspruch 7. wobei die Autoimmunerkrankung Rheumatoide Arthritis urnfaSt. 

11. Verwendung gemAf3 Anspruch 7 oder 10, wobei das Autoantigen Kbilagen ist 
Patentanspruche fur folgenden Vertragsstaat : ES 

1. Verfahren zur Herstellung einer pharmazeutischen Zubereitung in Aerosol-Form zur Inhalation zur Behandiung 
eines unter einer Autoimmunerkrankung leidenden Sfiugers durch Unterdrucken der Autoimmunantwort. unfas- 
send eine wirksame Menge wenigstens eines Stoffes ausgewahit aus der Gruppe bestehend aus Autoantigenen. 
Autoimmunerkrankung-unterdrOckenden Fragmenten und Analoga der Autoantigene. umfassend den Schritt der 
Hersteliung einer den Stoff enthaltenden Dosis-Forni 

2. Verfahren gemSB Anspruch 1 . wobei das Autoantigen basisches Myelin-Protein ist. 

3. Verfahren gemSB Anspruch 2, wobei das Autoantigen ein Autoimmunerkrankunguntedruckendes Ragment von 
* basischem Myelin-Protan ist. 

4. Verfahren genrdfl Anspruch 1 , wobei das Autoantigen Kbilagen ist. 

5. Verfahren gemaO einem der Anspruche 1 bis 4 in einer waerigen Aerosol-Form. 

6. Verfahren gemAB einem der Anspnuche 1 bis 5, weiterhin urritassend einen pharmazeutisch vertrflglichen Trfiger 
Oder Verdunnungsmittel. 

7. Verfahren zur Herstellung eines Medikamentes in Aerosol-Fonn zur Inhalation zu Behandiung oder Vorbeugung 
des Auftretens einer Autoimmunerkrankung In einem Sfluger durch UnterdrOcken der Autoimmunantwoa unfas- 
send wenigstens einen Stoff ausgewahit aus der Gruppe bestehend aus fQr eine Autoimmunerkrankung spezifi- 
schen Autoantigenen, Autoimmunerkrankung-unlerdr^ickenden Fragmenten und Analoga der Autoantigene. 
umfassend den Schritt der Herstellung einer den Stoff enthaltenden Dosis-Form, 

8. Verfahren gen^B Anspruch 7, woba die Autoinvnunerkrankung Multiple SWerose umfaBt. 

9. Verfahren gemaB Anspruch 7 oder 8. wobei das Autoantigen basisches Myelin-Protein ist 

1 0. Verfahren gemaB Anspruch 7, wobei die Autoimmunerkrankung Rheumatoide Arthritis umfaSt. 

11. Verfahren gen^G Anspruch 7 oder 10, wobei das Autoantigen Koflagen ist 
PatentansprOche fur folgenden Vertragsstaat : GR 

1. Verfahren zur Herstellung riner pharmazeutischen Zubereitung in Aerbsol-Form zur Inhalation zur Behandiung 
eines unter einer Autoimmunerkrankung leidenden Saugens durch Unterdrucken der Autoimmunantwort umfas- 
send eine wirksame Menge wenigstens eines Stoffes ausgewahit aus der Gojppe bestehend aus Autoantigenen, 
Autoimmunerkrankung-unterdruckenden Fragmenten und Analoga der Autoantigene, umfassend den Schrift der 
Herstellung einer den Stoff enthaltenden Dosis-Form. 

2, Verfahren gemaB Anspruch 1 , wobei das Autoantigen basisches Myeiin*Protein ist 

3, V rfahren gemSB Anspruch 2. wobei das Autoantigen ein Autoimmunerkrankungunterdruckendes Fragment von 
basischem Myelin-Prolan ist 

4. Verfahren gemaB Anspojch 1 , wobei das Autoantigen Koltagen ist. 

5. Verfahren gemaU inemder AnsprOch 1 bis 4 in einer waBrigen Aerosol-Form, 

6, Verfahren gemaB einem der Anspruche 1 bis 5, weit rhin umfassend einen pharmazeutisch vertraglichen Trager 
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Oder VerdOnnungsmitlel, 

7, Verwendung wenigstens eines Stoffes ausgewahtt aus der Gruppe bestehend aus fur eine Autoimmmerkrankung 
spezifische Autoantigene, Autoimmunerkrankungunterdruckende Fragmente und Analoga der Autoantigene zur 

5 Herstellung eines Medikamentes in Aerosol-Form zur Inhalation zur Behandlung oder zur Vofbeugung des Auftre- 
tens einer Autoimmunerkrankung in einem SSuger durch jJnterdrucken der Immunantwort 

8. Verwendung gemSQ Anspruch 7, wobei die Autoinrvnunerkrankung Multiple SMerose umfaBL 
10 9. Verwendung gemafl Anspruch 7 oder 8. wobei das Autoantigen basisches Myelin-Protein isl 

10. Ven^vendung gemaB Anspruch 7. wobei die Autoinvnunerkrankung Rheumatoide Arthritis unrfaBt 

11. Ven^vendung gemflS Anspruch 7 oder 10. wobei das Autoantigen Kbilagen ist. 

15 

Revendicatlons 

Revendlcatlons pour les Etats contractants sulvants : AT, BE, CH, LI, DE, DK. FR, GB, IT, LU, NL, SE 

20 1 . Formulation pharmaceutique sous forme rfa^rosol, pour inhalation, pour le traitemenl rfun mammif^re souffrant 
d'une maladie auto-immune. en suppr imant la r4ponse auto-immune, comprenant une quantity efficace d'au moins 
un agent choisi dans le grotjpe form^ par des auto-antigdnes. des fragments de sippression da la maladie auto* 
immune ct analogues desdits auto-antig^nes, 

25 2, Formulation selon la revendication 1 . dans laquelle ledit auto-antigfene est la prat6ine de base de la my^line. 

3. Formulation selon la revendication Z dans laquelle ledit auto-antig^ne est un fragment de suppression de la mala- 
die autOHmmune provenant de la prot6ine de base de la my^lina 

30 4, Formulation selon la revendication 1 . dans laquelle ledit auto-antigine est le collagfene, 

5. Formulation selon I'une des revendicafions 1 k 4, sous forme rfun aerosol aqueux, 

6. Formulation selon I'une des revendications 1 & 5. qui comprend de plus un support ou un diluant pharnaceutique* 
35 meat acceptable. 

7. Utilisatfen rfau moins un agent choisi dans le groupe form6 par des autoantig^nes spdcif iques d'une maladie auto- 
immune, des fragments de suppression de la maladie aulo-immune el analogues desdits auto-antig&ies pour la 
preparation rfun mWicament sous forme aerosol pour inhalation pour le traitement ou la prevention de Tapparition 

40 rfune maladie auto-immune chez un mammifire en supprimant la r6pons9 auto-immune. 

8. Utilisation sebn la revendication 7, dans laquell ladite maladi auto*immun est la sd^rose muttipl . 

9. Utinsationsek)n I'une des revendications 7 ou 8, dans laquelle ledit autoantigene est d bas delamye* 
45 line. 

1 0< Utilisation selon la revendication 7. dans laquelle ladite maladie auto-immune est I'arthrite rhumatolde. 



EP 0 506 785 B1 

2. Proc6d6 selon la revendication 1 . dans lequel ledit auto-antig^ne est la proteine da base de la myeline. 

3. Pfoced^ selon la revendication 2, dans lequel ledh auto-antig^ne est un fragment de suppression de la maladie 
auto-immune provenant de la proteine de base de la myeline. 

5 

4. Proc6d6 selon la revendication 1 . dans lequel ledit auto-antig6ne est le colIag6ne. 

5. Proc6d6 selon Tune des revendications 1 ^ 4. sous forme d'un aerosol aqueux. 

10 6. Procdd6 seion l*une des revendications 1 k 5. qui comprend de plus un support ou un diluant phar nraceutiquement 
acceptable. 

7. Proc6d6 de preparation d'un medicament sous forme d'a^rosol pour inhalation pour le traitement ou la prevention 
de Tapparition d'une maladie autoimmune chez un mammif^e en supprimant la r^ponse auto-immune, medica- 

15 ment comprenant au mdns un agent choisi dans le groupe form6 par des auto-antig^es spedfiques d'une owla- 
die auto-immune, des fragmerrts de suppression de la maladie auto-immune et analogues desdits auto-antig^es, 
comprenant retape consistant k pr^arer une forme dos^e contenant ledit agent. 

8. Procede selon la revendication 7. dans lequel ladite maladie auto-immune est la sd^rose multiple. 

20 

9. Precede selon I'uie des revendications 7 ou 8. dans lequel ledit auto-antig6ne est la proteine de base de ta mye- 
line. 

10. Pfoc6d6 selon la revendication 7, dans lequel ladite maladie auto-immune est Tarthrite rhumatoTda 

25 

11. Precede selon Tune des revendications 7 ou 10, dans lequel ledit auto-antigene est le collagene. 
Revendications pour TEtat contractant sulvant : GR 

30 1 . Precede de preparation d'une formulation pharmaceutique sous forme d'aerosol. pour inhalation, pour le traitement 
d'un manvnifere souffrant tfune maladie autonmmune, en supprimant la reponse auto-immune, compreriant une 
quamrte efficace d'au moins un agent choisi dans le groupe forme par des auto-arrtigenes, des fragments de sup- 
pression de la maladie auto-immune et analogues desdits auto-antigenes conprenant reiape consistant k prepa- 
rer une forme dosee contenant ledit agent 

35 

2. Precede selon la revendication 1 . dans lequel ledit auto-antigene est la proteine de base de ta nrtyeiine. 



3, Precede selon la revendication 2, dans lequel ledit auto-antigene est un fragment de suppression de la maladie 
auto-immune provenant de la proteine de base de la my^ine. 

40 

4, Precede selon ta revendication 1 . dans lequel ledit auto-antigene est le collagene. 

5, Precede selon I'une des revendications 1 k 4, sous forme d'un aerosol aqueux. 

43 6. Precede selon Tune des revendications 1 A 5. qui comprend de plus un support ou un diluant pharmaceutiquement 
acceptable. 

7. Utilisation d*au moins un agent choisi dans le groupe forme par des autoantigenes specifiques tfune maladie auto- 
immune, des fragmerrts de suppression de la maladie auto-immune et analogues desdits auto-arttigenes pour la 

so preparation d'un medicament sous forme a^osol pour inhalation pour le traitement ou la prevention de Tapparition 
d'une maladie auto-immune chez un mammifere en supprimant la reponse auto-imnxme. 

8, Utilisation selon la revendication 7, dans laquelle ladKe maladie auto-immune est la sclerose multiple. 

ss 9. Utilisation selon Tune des revendications 7 ou 8, dans laquelle ledit auto-antigen est la proteine de base de la 
myeiine. 

10- Utilisation selon la revendication 7, dans laquell ladite maladi auto-immune est Tarthrite fhumatoTd . 



1 1 . Utifisation seton I'm des revendications 7 ou 10. dans laquelle ledit auto-antigene est le collagene. 



18 
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